MCT1-mediated transport of L-lactic acid at the inner blood-retinal barrier: a possible route for delivery of monocarboxylic acid drugs to the retina.
The aim of this study was to characterize L-lactic acid transport using a conditionally immortalized rat retinal capillary endothelial cell line (TR-iBRB2) as a model of in vitro inner blood-retinal barrier (iBRB) to obtain a better understanding of the transport mechanism at the iBRB. TR-iBRB2 cells were cultured at 33 degrees C, and L-lactic acid uptake was monitored by measuring [14C]L-lactic acid at 37 degrees C. The expression and mRNA level of monocarboxylate transporter (MCT)1 and MCT2 were determined by reverse transcription polymerase chain reaction (RT-PCR) and quantitative real-time RT-PCR with specific primers, respectively. The [14C]L-lactic acid uptake by TR-iBRB2 cells increased up to a pH of 5.0 and was inhibited in the presence of 10 mM L-lactic acid. The [14C]L-lactic acid uptake at pH 6.0 was both temperature- and concentration-dependent with a Michaelis-Menten constant of 1.7 mM and a maximum uptake rate of 15 nmol/(30 s mg of protein). This process was reduced by carbonylcyanide p-trifluoromethoxyphenylhydrazone (protonophore), alpha-cyano-4-hydroxycinnamate, and p-chloromercuribenzenesulfonate (typical inhibitors for H+-coupled monocarboxylic acid transport), suggesting that L-lactic acid uptake by TR-iBRB2 cells is a carrier-mediated transport process coupled with an H+ gradient. [14C]L-Lactic acid uptake was markedly inhibited by monocarboxylic acids but not dicarboxylic acids and amino acids. Moreover, salicylic and valproic acids competitively inhibited this process with an inhibition constant of 4.7 mM and 5.4 mM, respectively. Although MCT1 and MCT2 mRNA were found to be expressed in TR-iBRB2 cells, MCT1 mRNA was found to be present at a concentration 33-fold greater than that of MCT2 mRNA using quantitative real-time PCR. [14C]L-Lactic acid was significantly reduced by 5-(N,N-hexamethylene)-amiloride at pH 7.4 and Na+/H+ exchanger I mRNA was expressed in TR-iBRB2 cells. L-Lactic acid transport at the iBRB is an H-coupled and carrier-mediated mechanism via MCT1 that is competitively inhibited by monocarboxylate drugs.